The objective of this study was to estimate genetic parameters for growth, body composition, and structural soundness traits in commercial gilt lines. The data included 1,449 gilts: 462 females from a grandparent maternal line and 987 from a parent maternal line. Growth was expressed as number of days to a constant 113.5 kg BW (DAYS) and compositional traits included loin muscle area (LMA), 10th rib backfat (BF10), and last rib backfat (LRF). Subjective structural soundness evaluation was completed using a 9-point scale and included: body length (BL), body depth (BD), body width (BWD), rib shape (BRS), top line (BTL), and hip structure (BHS); front legs: legs turned (FLT), buck knees (FBK), pastern posture (FPP), foot size (FFS), and uneven toes (FUT); rear legs: legs turned (RLT), leg posture (RLP), pastern posture (RPP), foot size (RFS), and uneven toes (RUT); and overall leg action (OLA). Genetic parameters were estimated with multivariate linear animal models, using the average information REML algorithm. Heritability estimates for growth and body composition traits ranged from 0.50 to 0.70, for body structure traits from 0.15 to 0.31, for leg structure traits from 0.07 to 0.31, and the estimate for OLA was 0.12. Several moderate to high genetic correlations were obtained among body structure traits, whereas correlations among leg structure traits were mainly low and nonsignificant. A strong correlation was found between FPP and OLA (P < 0.001); more upright FPP coincided with inferior OLA. Furthermore, FBK and FFS appeared to be favorably associated with OLA (0.05 < P < 0.10). Body structure trait correlations among each other and with leg soundness traits were primarily favorable. Correlations indicated that great BL and high BTL coincided with each other and deterioration of other structural soundness traits. Although genetic correlations obtained for DAYS and backfat measurements with structural soundness traits had an unfavorable trend, they were mainly low to moderate (i.e., simultaneous genetic improvement would be possible, including adversely associated traits). Due to greater heritabilities, faster genetic change could be expected for compositional and body structure traits than leg structure traits. Because of the genetic relationship among the trait groups, using information across traits when making selection decisions could result in genetic improvement among leg soundness traits. ABSTRACT: The objective of this study was to estimate genetic parameters for growth, body composition, and structural soundness traits in commercial gilt lines. The data included 1,449 gilts: 462 females from a grandparent maternal line and 987 from a parent maternal line. Growth was expressed as number of days to a constant 113.5 kg BW (DAYS) and compositional traits included loin muscle area (LMA), 10th rib backfat (BF10), and last rib backfat (LRF). Subjective structural soundness evaluation was completed using a 9-point scale and included: body length (BL), body depth (BD), body width (BWD), rib shape (BRS), top line (BTL), and hip structure (BHS); front legs: legs turned (FLT), buck knees (FBK), pastern posture (FPP), foot size (FFS), and uneven toes (FUT); rear legs: legs turned (RLT), leg posture (RLP), pastern posture (RPP), foot size (RFS), and uneven toes (RUT); and overall leg action (OLA). Genetic parameters were estimated with multivariate linear animal models, using the average information REML algorithm. Heritability estimates for growth and body composition traits ranged from 0.50 to 0.70, for body structure traits from 0.15 to 0.31, for leg structure traits from 0.07 to 0.31, and the estimate for OLA was 0.12. Several moderate to high genetic correlations were obtained among body structure traits, whereas correlations among leg structure traits were mainly low and nonsignifi cant. A strong correlation was found between FPP and OLA (P < 0.001); more upright FPP coincided with inferior OLA. Furthermore, FBK and FFS appeared to be favorably associated with OLA (0.05 < P < 0.10). Body structure trait correlations among each other and with leg soundness traits were primarily favorable. Correlations indicated that great BL and high BTL coincided with each other and deterioration of other structural soundness traits. Although genetic correlations obtained for DAYS and backfat measurements with structural soundness traits had an unfavorable trend, they were mainly low to moderate (i.e., simultaneous genetic improvement would be possible, including adversely associated traits). Due to greater heritabilities, faster genetic change could be expected for compositional and body structure traits than leg structure traits. Because of the genetic relationship among the trait groups, using information across traits when making selection decisions could result in genetic improvement among leg soundness traits.
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INTRODUCTION
Effective selection for structurally sound replacement females is important in improving sow productive lifetime (SPL), as the primary culling reasons reported for young sows are reproductive failure and feet/leg or lameness problems (Boyle et al., 1998; Lucia et al., 2000; Engblom et al., 2007) . According to recent PigCHAMP reports (PigCHAMP, 2007 (PigCHAMP, , 2008 (PigCHAMP, , 2009 (PigCHAMP, , 2010 (PigCHAMP, , 2011 , the average annual culling rate of breeding females in U.S. commercial swine herds has been ~50% and annual sow mortality rate nearly 10%. Lower sow replacement rate, thereby improving SPL, would improve economic effi ciency for the U.S. swine industry and increase profi tability for pork producers through decreased replacement gilt expenses and increased herd productivity. In addition to involuntary removals, structural defects can lead to impaired animal welfare, which may negatively impact reproductive performance, and when inherited, can impair offspring performance.
Genetic parameters for growth, compositional, and leg structure traits have been studied previously, but estimates for body structure traits are scarce. Growth and compositional trait associations with leg structure traits have varied among studies and estimates were rarely statistically signifi cant. The most consistent observation was an unfavorable association between leg structure traits and backfat thickness (Webb et al., 1983; Serenius et al., 2001) .
The objective of this study was to estimate genetic parameters for growth, body composition, and structural soundness traits in commercial gilt lines. Prior studies were mainly performed at test station environments. This study was conducted at a typical U.S. commercial farm, hence offering U.S. pork producers results obtained at a comparable environment to their own.
MATERIALS AND METHODS
All management and trial practices for this study were approved by the Iowa State University Institutional Animal Care and Use Committee.
Data Description and Gilt Management
The study was a cooperative effort among Iowa State University's Department of Animal Science, Veterinary Diagnostic and Production Animal Medicine faculty, and industry partners, including an Iowa-based integrator (Swine Graphics Enterprises, Webster City, IA) and a U.S. swine genetic supplier (Newsham Choice Genetics, West Des Moines, IA). All females were supplied by the same multiplier within the production system of the genetic supplier, where gilt management was maintained as equal as possible. The gilts used in this study were preselected at the multiplier production facilities, based on guidelines of the genetic supplier for overall conformation, structural soundness, and lameness. Gilts were high health (porcine reproductive and respiratory syndrome and Mycoplasma free) females, without obvious defects or deformities, and had high lean growth potential (within top 75% of the contemporary group).
The study was conducted at a new commercial farm that had 3,790 sow spaces and it involved 1,449 gilts entering the herd between October 2005 and July 2006. Females represented 2 commercial genetic lines: 462 gilts were from a grandparent maternal line (Newsham line 3) and 987 were from a parent maternal line (SuperMom 37). Newsham line 3 was a maternal synthetic line, which originated from English Large White. SuperMom 37 line was a cross between Newsham lines 3 and 7, with the Newsham line 7 being a maternal synthetic cross that included the Nebraska Index line and Yorkshire genetic origins. The Nebraska Index line was a composite originating from Large White and Landrace populations produced at the University of Nebraska. From 1981, this line was selected based on an index that only included ovulation rate, embryonic survival, and litter size at birth (number of fully formed piglets; Johnson et al., 1999) .
The females involved in this study were progeny from 58 known sires and 836 dams. Sire information was not available for 52 gilts. In total, the pedigree included 2,903 animals.
Gilts were managed according to standard procedures in the commercial operation and treated as similarly as possible. Daily fence-line boar exposure and gilt estrous detection started immediately on arrival to the farm. The studied gilts averaged 180 d of age (SD = 5 d) at herd entry and were housed in groups of 10 to 12 gilts until being moved into breeding stalls when fi rst estrous was observed. Group pens were 2.4 m × 4.9 m (i.e., space per gilt ranged from 1.0 m 2 to 1.2 m 2 ). Both the group pens and breeding stalls had fully slatted concrete fl oors, with 14.6 cm-wide slats and 2.5 cm-wide openings. Breeding stall size was 2.1 m × 0.6 m. Feeding was based on nutrient analyses and all rations met or exceeded requirements for the particular swine production phase (NRC, 1998) . Group pens had 2-hole feeders and gilts were fed ad libitum with a corn-soybean meal based diet. During the breeding and gestation periods, gilts were fed once per day, using individual drop feeders. All animals had ad libitum access to water.
Compositional and Structural Soundness Trait Evaluation
All gilts involved in the research trial were evaluated for compositional and structural soundness traits after an acclimation period (9 ± 5 d; mean ± SD) that occurred after gilts arrived at the farm. Evaluation was performed on 14 separate dates and gilts averaged 124 kg BW (SD = 11 kg) and 190 d of age (SD = 7 d) when the evaluation occurred.
A Smidley Mini-Scale (Marting Mfg. of Iowa, Inc., Britt, IA) was used to obtain BW measurements. Gilt growth was assessed by calculating the number of days to reach a constant 113.5 kg BW (DAYS). Evaluated compositional traits included ultrasonically measured loin muscle area (LMA), 10th rib backfat (BF10), and last rib backfat (LRF). Ultrasonic images were obtained with a Pie Medical 200 (Classic Medical Supply, Inc., Tequesta, FL) by a single certifi ed (Bates and Christian, 1994) technician. Additionally, a tissue sample was collected from each female, using the TypiFix ear tag system (IDnostics, Schlieren-Zürich, Switzerland).
Soundness traits evaluated included 6 body structure traits [body length (BL), body depth (BD), body width (BWD), rib shape (BRS), top line (BTL), and hip structure (BHS)], 5 leg structure traits per leg pair [front legs: legs turned (FLT), buck knees (FBK), pastern posture (FPP), foot size (FFS), and uneven toes (FUT); rear legs: legs turned (RLT), leg posture (RLP), pastern posture (RPP), foot size (RFS), and uneven toes (RUT)], and overall leg action (OLA). The structural evaluation was completed independently by 2 scorers, using a 9-point scale (Appendices 1 and 2).
Data Editing
Before genetic analyses, the original scores for FLT and RLT were transformed to deviations from the intermediate score [i.e., score 5 (FLTD and RLTD)]. Consequently, the modifi ed scale had 5 points (the original 5 score was assigned a 1 score, scores of 4 and 6 were assigned a 2 score, scores of 3 and 7 were assigned a 3 score, scores of 2 and 8 were assigned a 4 score, and scores of 1 and 9 were assigned a 5 score). This was performed because there were very few observations in the score classes >5 and an intermediate score was considered optimum within the scale used.
Statistical Analyses
Mixed model methodology (PROC MIXED, SAS Inst. Inc., Cary, NC) was used for developing models for variance component estimation of the traits evaluated in this study. Growth, compositional, or structural soundness traits were the dependent variables and sire and dam were included as random effects, as various fi xed effects and linear covariates were evaluated for statistical signifi cance. A common litter effect was not included in the statistical model, because there were relatively few littermate gilts (56% of litters were represented by a single gilt) in the female population used in the present study.
Genetic parameters were estimated with multivariate linear animal models, using the average information REML algorithm (Johnson and Thompson, 1995; Jensen et al., 1997) in the DMU-package (Madsen and Jensen, 2008 ). The statistical model for BF10, LMA, and DAYS included:
where y ijk = the trait measured on gilt k; μ = intercept; LINE i = fi xed effect of genetic line i (i = 1, 2); CG j = fi xed effect of contemporary group j (j = 1 to 14; contemporary group was based on evaluation date); a k = additive genetic effect of gilt k with a k N~(0, 2 a σ ); e ijk = random residual with e ijk N~(0, 2 e σ ). The aforementioned traits were preadjusted to a constant BW of 113.5 kg (NPPC, 2000) .
In the absence of a preadjustment formula, the statistical model for LRF included BW at evaluation as a linear covariate:
which is identical to the previous model, except BW k = BW of gilt k; and b 1 is a coeffi cient of linear regression.
The statistical model for analyzing structural soundness traits was:
where y ijkl = the trait measured on gilt l; μ = intercept; LINE i = fi xed effect of genetic line i (i = 1, 2); CG j = fi xed effect of contemporary group j (j = 1 to 14; contemporary group was based on evaluation date); SCORER k = fi xed effect of scorer k (k = 1, 2); BW l = BW of gilt l; a l = additive genetic effect of gilt l with a l N~(0, and b 1 is a coeffi cient of linear regression. Within a trait group (body composition, body structure, front leg structure and overall leg action, rear leg structure and overall leg action), all traits were simultaneously included in a single multivariate analysis. However, the genetic correlations concerning associations between trait groups are presented as averages over estimates obtained from several analyses. Asymptotic standard errors for the (co)variance component estimates were derived from the average information matrix. The SE computations for genetic correlations were based on Taylor series approximation. A change in the update vector norm that was <10 -6 was used as the convergence criterion.
RESULTS AND DISCUSSION

Descriptive Statistics
Descriptive statistics for growth, body composition, and structural soundness traits are presented in Table 1 . Because animals included in the study were preselected for their growth potential and structural soundness by the genetic supplier, the gilt population evaluated in the present study primarily consisted of females that grew well and were free of obvious structural defects. At the time of evaluation, gilts averaged 124 kg BW. The average for DAYS was 178, with a 144 to 227 d range and 84% of the females reached 113.5 kg BW by 190 d of age.
Regarding most structural soundness traits, replacement gilts that might have received extreme scores, representing the undesirable end of the scale, were not provided to the farm by the genetic supplier. Consequently, scorers did not use the entire scoring scale in this study. Evaluation score frequencies for structural soundness traits are presented in Table 2 . Evaluation scores for BD, BWD, BRS, BHS, FBK, FPP, RLP, RPP, and OLA were more widely distributed over the 9-point scale, whereas >85% of the observations for BL, BTL, FLT, FFS, FUT, RLT, RFS, and RUT were concentrated in 3 classes. For BL and BTL, 89% and 94% of the observations, respectively, were distributed into scores 4 to 6, with 5 describing intermediate BL or level BTL.
There were very few observations for inward turned front or rear legs. Similarly, Webb et al. (1983) , Serenius et al. (2001) , and Luther et al. (2007) found inward turned legs less frequent than outward turned legs. More than 90% of the females had buck knees of some severity. The prevalence is greater than generally reported in the literature, although buck knees were common in other populations (Jørgensen and Andersen, 2000; Serenius et al., 2001; Luther et al., 2007) . About 37% of the gilts had weak RLP and 32% upright RLP. In contrast, upright RLP Overall leg action 4.73 1.78 1 9 1 Min = minimum; Max = maximum.
2 Structural soundness traits were evaluated on a scale from 1 to 9 (Appendices 1 and 2).
3 The data included 1,449 gilts (except LRF, FBK, FPP, and RLT, which had 1 missing observation) from 2 commercial genetic lines; 462 gilts belonged to a grandparent maternal line (Newsham line 3) and 987 to a parent maternal line (SuperMom 37). The study was conducted at a commercial facility.
4 Traits: DAYS = number of days to a constant BW of 113.5 kg; LMA = loin muscle area adjusted to a constant BW of 113.5 kg; BF10 = 10th rib backfat adjusted to a constant BW of 113.5 kg; LRF = unadjusted last rib backfat; BL = body length; BD = body depth; BWD = body width; BRS = rib shape; BTL = top line; BHS = hip structure; FLT = front legs turned (original score); FBK = buck knees; FPP = front pastern posture; FFS = front foot size; FUT = uneven front toes; RLT = rear legs turned (original score); RLP = rear leg posture; RPP = rear pastern posture; RFS = rear foot size; RUT = uneven rear toes. Table 2 . Observation frequency (%) in each evaluation score category for structural soundness traits in commercial gilt lines 1 used in a feet and leg, body, compositional, and maternal performance study Overall leg action 0.8 9.7 17.7 20.0 17.9 14.7 12.5 5.4 1.3 1 The data included 1,449 gilts (except FBK, FPP, and RLT, which had 1 missing observation) from 2 commercial genetic lines; 462 gilts belonged to a grandparent maternal line (Newsham line 3) and 987 to a parent maternal line (SuperMom 37). The study was conducted at a commercial facility.
3 Traits: BL = body length; BD = body depth; BWD = body width; BRS = rib shape; BTL = top line; BHS = hip structure; FLT = front legs turned (original score); FBK = buck knees; FPP = front pastern posture; FFS = front foot size; FUT = uneven front toes; RLT = rear legs turned (original score); RLP = rear leg posture; RPP = rear pastern posture; RFS = rear foot size; RUT = uneven rear toes.
in Swiss performance-tested pigs (Luther et al., 2007) and deviations from optimal RLP in Finnish progenyand performance-tested pigs were infrequent (Serenius et al., 2001) . In Danish performance-tested boars, the average frequency of weak RLP was as high as 75% (Jørgensen and Andersen, 2000) . Weak pastern posture was very common, with frequencies >50% in both leg pairs. In Danish boars, upright pasterns were much more frequent than weak pasterns (Jørgensen and Andersen, 2000) . In the Swiss population, prevalence of weak and upright pasterns was close to equal (Luther et al., 2007) . The frequencies of FUT and RUT were ~80%. Especially RUT had high prevalence in other studies as well (Webb et al., 1983; Jørgensen and Andersen, 2000; Serenius et al., 2001; Luther et al., 2007) . Less than 1% of the gilts received the ideal score for OLA. Serenius et al. (2001) reported similar results, whereas ~60% of Swiss pigs had no defects in their locomotion (Luther et al., 2007) .
Many incidence frequencies obtained in this study are greater than reported in the literature. In addition to the population and environmental differences, it may partly result from a wider evaluation scale compared with other studies. On a 9-point scale, it was possible to record slight deviations from optimum, which especially in studies using a very narrow evaluation scale may have been recorded as normal structure.
Growth and Body Composition Trait Genetic Parameters
The heritability estimates for growth and body composition traits were high, with DAYS having the lowest and LRF the greatest estimate (h 2 = 0.50 to 0.70; Table 3 ). The estimates obtained in this study are greater than generally seen in the literature (Lo et al., 1992; Chen et al., 2002; Schwab et al., 2010; Knauer et al., 2011) . The reason for this may be in the reduction of environmental effects, as gilts were supplied by the same genetic supplier, raised at the same multiplier, located at the same commercial farm, and compositional traits were evaluated by a single technician.
The genetic correlation (r g ) between the 2 backfat measurements, BF10 and LRF, was very high (r g = 0.96). They had intermediate genetic correlations with DAYS (r g = 0.53 and 0.49, respectively) and relatively low genetic correlations with LMA (r g = -0.31 and -0.23, respectively). In other studies, age at a constant or at off-test BW had negative correlations with backfat and positive correlations with loin muscle area measurements (Lo et al., 1992; Chen et al., 2002; Schwab et al., 2010) . However, these correlations were low and, in many cases, statistically nonsignifi cant. The previous studies used purebred animals and had records on males as well, whereas current data consisted entirely of maternal line females, which tend to be less strictly selected for leanness (Clutter and Schinckel, 2001 ).
Structural Soundness Trait Heritability Estimates
Heritability estimates for body structure traits ranged from 0.15 to 0.31 (Table 4) . These results are consistent with heritability estimates available in the literature for subjectively scored body conformation traits. Van Steenbergen et al. (1990) reported moderate heritability estimates for body size traits. López-Serrano et al. (2000) obtained a relatively low heritability estimate for subjectively scored body length and Knauer et al. (2011) a moderate estimate for rib width.
Among leg structure traits, greater heritability estimates were obtained for FPP and RPP (h 2 = 0.30 and 0.31, respectively). The remaining front leg traits had relatively low heritability estimates (h 2 = 0.07 to 0.17) and heritability estimates for rear leg traits were low to moderate (h 2 = 0.12 to 0.21). The heritability estimate range for leg structure traits is in accordance with previous studies (Webb et al., 1983; Van Steenbergen et al., 1990; Jørgensen and Andersen, 2000; Serenius et al., 2001; Luther et al., 2007; Knauer et al., 2011) . The average heritability estimate of 0.12 obtained for OLA, which refl ects both structural soundness and freedom of other defects or diseases affecting movement, is consistent with values reported in the literature (Webb et al., 1983; Van Steenbergen et al., 1990; Jørgensen and Andersen, 2000; Serenius et al., 2001; Luther et al., 2007) . However, Knauer et al. (2011) reported a moderate heritability estimate of 0.36 for locomotion. The relatively low heritability estimates Table 3 . Heritability (h 2 ± SE; on the diagonal), genetic (r g ± SE; above the diagonal), and phenotypic correlation estimates (r p 1 ; below the diagonal) for growth and body composition traits 2 in commercial gilt lines 3 used in a feet and leg, body, compositional, and maternal performance study The genetic estimation software simultaneously provided h 2 , r g , and r p estimates, but SE was not available for r p estimates.
2 Traits: DAYS = number of days to a constant BW of 113.5 kg; LMA = loin muscle area adjusted to a constant BW of 113.5 kg; BF10 = 10th rib backfat adjusted to a constant BW of 113.5 kg; LRF = last rib backfat.
3 The data included gilts from 2 commercial genetic lines; 462 gilts belonged to a grandparent maternal line (Newsham line 3) and 987 to a parent maternal line (SuperMom 37). The study was conducted at a commercial facility. *Estimate of heritability or genetic correlation differs from 0 by P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.
found for overall leg action in several studies may be explained by varying problems contributing to impaired movements, some having genetic background and others caused by environmental factors.
All heritability estimates obtained in this study for growth, compositional, and structural soundness traits differ signifi cantly from 0 (P < 0.05), except the estimate for FLTD, which only approaches statistical signifi cance (0.05 < P < 0.10). This may be caused by the narrow score distribution and, consequently, inability to attain greater additive genetic variance for this trait.
Because BTL, FPP, RLP, and RPP have intermediate optimum, these traits were divided into two 5-point scored traits for additional analyses. Dividing each trait into 2 traits did not affect heritability and genetic correlation estimates (data not shown); estimates were very similar and all fi ndings and conclusions were consistent with ones reported in this paper.
Structural Soundness Trait Genetic Correlations
The genetic correlations among traits indicating body size (i.e., BL, BD, and BWD) were high (r g = -0.78 to 0.91). Longer-bodied gilts had smaller BD and BWD. Similarly, Van Steenbergen et al. (1990) found a moderate genetic correlation, indicating that animals with greater BL had narrower ham width. Among body shape traits, i.e., BRS, BTL, and BHS, a high genetic correlation was obtained between BTL and BRS (r g = 0.92), whereas the remaining correlations were moderate (r g = 0.46 and 0.56). Higher BTL coincided with fl atter BRS and steeper BHS. The genetic correlations between body size and shape traits revealed substantial associations of BTL and BRS with BL, BD, and BWD (r g = -0.95 to 0.84). Animals with higher BTL and fl atter BRS had greater BL and smaller BD and BWD. Additionally, BHS had weak, nonsignifi cant correlations with BL and BWD (r g = 0.38 and -0.38, respectively; 0.05 < P < 0.10). Steeper BHS coincided with greater BL and narrower BWD.
Several moderate to high genetic correlations among the body structure trait group indicate that there are common or linked genes infl uencing these traits. Therefore, selection for any body structure trait tends to result in changes in the others as well. In summary, greater BL and higher BTL coincided with each other and with deterioration of BD, BWD, BRS, and BHS. Table 4 . Heritability (h 2 ± SE; on the diagonal), genetic (r g ± SE; above the diagonal), and phenotypic correlation estimates (r p 1 ; below the diagonal) for structural soundness traits 2,3 in commercial gilt lines 4 used in a feet and leg, body, compositional, and maternal performance study The genetic correlations among BD, BWD, BRS, and BHS were favorable.
Conversely to body structure traits, the majority of genetic correlations among leg structure traits were low and statistically nonsignifi cant. Genetic correlation estimates found in the literature vary in magnitude and direction among leg structure traits. In the current study, the only signifi cant genetic correlation among front leg traits was found between FPP and FFS (r g = 0.60). Similarly, a sizable positive correlation was obtained between RPP and RFS (r g = 0.83); weaker pastern posture coincided with larger feet. Furthermore, high genetic correlations were found for RLP with RPP and RFS (r g = 0.80 and 0.82, respectively). Gilts with weaker RLP had weaker RPP and larger RFS; or alternatively, more upright RLP coincided with more upright RPP and smaller RFS. The natural genetic association found between RLP and RPP, when considering rear limb posture as an entity, is consistent with Luther et al. (2007) . The results obtained by Van Steenbergen et al. (1990) do not support correlations of RLP with RPP and RFS, but agree with the present fi ndings regarding the association between RPP and RFS.
Pastern posture and foot size for the 2 leg pairs had positive correlations (r g = 0.38 and 0.65, respectively; Table 5 ). Furthermore, moderate positive associations were obtained for FBK with RLTD and RPP (r g = 0.48). Gilts with more optimal scores for FBK had more optimal scores for RLTD and weaker RPP. Less optimal RLTD scores were largely associated with outward turned posture. These results are consistent with low to moderate correlations reported by Van Steenbergen et al. (1990) and Luther et al. (2007) , which indicated that more severe FBK coincided with rear legs that were turned outward in a more severe manner and more upright RPP. A few genetic correlations obtained between front and rear leg traits approached statistical signifi cance (0.05 < P < 0.10). Such correlations were found for FLTD and FBK with RLP (r g = -0.47 and 0.43, respectively), FPP with RFS and RUT (r g = 0.39), and FFS with RPP (r g = 0.36). More optimal FLTD coincided with more upright RLP, more optimal FBK with weaker RLP, weaker FPP with more optimal RFS and RUT, and larger FFS with weaker RPP.
The only leg structure trait signifi cantly correlated with OLA was FPP (r g = 0.86). Additionally, FBK and FFS appeared to have moderate associations with OLA (r g = 0.47 and 0.42, respectively; 0.05 < P < 0.10). Gilts with weaker FPP and more optimal scores for FBK and FFS tended to have superior OLA. The association between FBK and OLA was reported in previous studies and correlations ranged from weak to strong (Webb et al., 1983; Van Steenbergen et al., 1990; Serenius et al., 2001; Luther et al., 2007) .
The results from the current and previous studies indicate that individual leg soundness traits are not strongly associated with each other from a genetic standpoint (i.e., selection for 1 trait does not necessarily bring changes in another trait). However, it should be noted that leg structure traits and gait can be more diffi cult to evaluate than body structure traits, as they may more likely be subjected to environmental factors, such as standing posture, movements, and recent animal injuries, as well as fl oor surface where evaluations are made. Within the studied population, more sizable OLA improvements could be expected from selection for front leg soundness than rear leg soundness, as genetic correlations obtained between rear leg traits and OLA remained nonsignifi cant.
Regarding correlations obtained between body size traits and leg soundness traits, BL and BD had signifi cant moderate to high genetic correlations with FBK, FPP, RLTD, RLP, and OLA (r g = 0.43 to 0.82; Table 6 ), whereas BWD was signifi cantly correlated with FBK and RLTD (r g = -0.62 and -0.78, respectively). Greater BL and shallower BD coincided with less optimal scores for FBK, FPP, and RLTD, more upright RLP, and inferior OLA. Gilts with wider BWD had more optimal scores for FBK and RLTD. Previous studies reported greater BL or carcass length being associated with overall movement deterioration (Webb et al., 1983; Lundeheim, 1987; Van Steenbergen et al., 1990) . The associations of BL with FBK and BWD with FBK and RLTD were consistent with results reported by Van Steenbergen et al. (1990) , but the correlations they obtained for BL with FPP, RLTD, and RLP were very low, and some in opposite direction to those found in the present study. Signifi cant weak to strong genetic correlations were found among associations of body shape traits with FBK, FPP, FFS, RLTD, RUT, and OLA (r g = 0.38 to 0.73). Additionally, a moderately favorable genetic correlation between BRS Table 5 . Genetic correlation estimates (r g ± SE) between front and rear leg structure traits 1,2 in commercial gilt lines 3 used in a feet and leg, body, compositional, and maternal performance study and FBK approached statistical signifi cance (r g = 0.41; 0.05 < P < 0.10). Genetic correlations implied that gilts with rounder BRS tended to have more optimal scores for FBK, FPP, RLTD, and RUT. Higher BTL coincided with less optimal scores for FPP, FFS, RLTD, RUT, and OLA, whereas closer to level BHS coincided with more optimal scores for FBK, FPP, RLTD, and OLA. In general, greater BL and higher BTL seemed detrimental to feet and leg soundness, including OLA. The genetic correlations between the remaining body structure traits and feet and leg soundness traits were mainly favorable. According to these results, selection for more optimal body structure would result in improved feet and leg soundness as well.
Genetic Correlations of Growth and Body Composition Traits with Structural Soundness Traits
Moderate to high correlations were obtained for DAYS with BL, BTL, and BHS (r g = -0.49 to -0.73; Table 7 ). Fewer DAYS coincided with greater BL, higher BTL, and steeper BHS. In Dutch populations, no association between ADG and BL was observed; however, this study reported that ADG had a weak favorable correlation with ham width (Van Steenbergen et al., 1990) .
From leg soundness traits, FBK, FPP, FFS, RLTD, RLP, RFS, and OLA had signifi cant moderate to high genetic correlations with DAYS (r g = -0.71 to 0.44). Fewer DAYS coincided with less optimal scores for FBK, FPP, and RLTD, weaker RLP, and inferior OLA. On the contrary, DAYS was favorably associated with FFS and RFS. In agreement, ADG was weakly unfavorably correlated with FBK in the Finnish Large White breed (Serenius et al., 2001) . Inconsistent to the present fi ndings, Webb et al. (1983) reported a weakly favorable correlation between ADG and outward turned rear legs. Van Steenbergen et al. (1990) reported a moderate correlation between FPP and ADG, but the direction was opposite to the current estimate. The correlation obtained between DAYS and OLA is consistent with studies reporting low to moderate unfavorable correlations between growth rate and locomotion or leg weakness (Lundeheim, 1987; Van Steenbergen et al., 1990; Jørgensen and Andersen, 2000; Luther et al., 2007) . did not fi nd ADG and DAYS signifi cantly associated with front leg structure and movements. Low favorable correlations were reported for ADG with leg action in the British Landrace population and with leg weakness score in the Danish Landrace population (Webb et al., 1983; Jørgensen and Andersen, 2000) .
The genetic correlations for LMA with BD, BWD, BRS, and BHS were favorable and ranged from low to high (r g = -0.66 to 0.84). Thus, selection for greater LMA would result in improved structural soundness in the aforementioned body structure traits. A weak association between BL and LMA approached statistical signifi cance (r g = -0.27; 0.05 < P < 0.10). Gilts with greater BL tended to have smaller LMA. Johnson and Nugent (2003) reported similarly low negative correlations between LMA and objectively evaluated BL in 4 different breeds.
Front leg traits and OLA were not signifi cantly correlated with LMA, whereas RLTD, RLP, and RPP had moderate associations with LMA (r g = -0.42 to 0.53). Gilts Table 6 . Genetic correlation estimates (r g ± SE) of body structure traits with leg structure traits 1,2 and overall leg action in commercial gilt lines 3 used in a feet and leg, body, compositional, and maternal performance study with greater LMA had more optimal scores for RLTD but more upright RLP and RPP. Consistently, weak favorable correlations were reported for LMA with outward turned front and rear legs in British Large White (Webb et al., 1983) . Lean meat proportion and LMA had low unfavorable associations with leg action or leg weakness in other populations (Lundeheim, 1987; Jørgensen and Andersen, 2000; Serenius et al., 2001) . Webb et al. (1983) reported both weak favorable and unfavorable correlations between LMA and leg action, depending on the breed evaluated (British Large White and Landrace, respectively).
Weak to moderate associations were obtained for backfat measurements with BL, BD, and BTL (r g = -0.32 to -0.63). Lower backfat measurements coincided with greater BL, shallower BD, and higher BTL. Van Steenbergen et al. (1990) did not fi nd an association between backfat and BL, and Johnson and Nugent (2003) reported no clear correlation trends across the breeds evaluated.
Correlations for FLTD, FPP, FUT, and OLA with backfat measurements were low to moderate (r g = -0.52 to 0.47). Weak correlations were found for BF10 with RLP, RFS, and RUT (r g = 0.35 to 0.39). Additionally, weak correlations for BF10 with RLTD (r g = -0.29) and LRF with RFS and RUT (r g = 0.33) approached statistical signifi cance (0.05 < P < 0.10). Selection for lower backfat thickness could have adverse effects on FLTD, RLTD, FPP, RLP, and OLA, whereas FUT, RFS, and RUT might improve. Backfat measurements had weakly unfavorable genetic correlations with outward turned rear legs in British Large White and weakly to moderately unfavorable correlations with sicklehocked posture in Large White and Landrace (Webb et al., 1983) , which is consistent with the present fi ndings. Furthermore, associations of RLP, RFS, and RUT with backfat measurements are consistent with genetic correlations obtained in Dutch pigs (Van Steenbergen et al., 1990) . In the Finnish Landrace population, FUT had low favorable genetic correlations with fat and lean percentage (Serenius et al., 2001 ). In the Finnish Large White population, lean percentage, and in Finnish Landrace and Large White breeds, fat percentage had low unfavorable associations with FBK. However, in the current study, FBK was not signifi cantly correlated with LMA or backfat measurements. reported that front leg soundness was associated with greater backfat thickness. A low to moderate unfavorable association between backfat thickness and leg action is commonly reported in the literature (Webb et al., 1983; Van Steenbergen et al., 1990; Serenius et al., 2001) .
The genetic correlations obtained in the present study suggest that selection for fewer DAYS and decreased backfat thickness, without consideration of structural soundness traits, would cause deterioration in body structural soundness, front leg posture traits, RLTD, RLP, and OLA, whereas foot size and evenness of toes might improve in both leg pairs. On the other hand, selection for greater LMA is expected to have adverse effects on RLP and RPP only, although upright RLP and RPP are likely to decrease in severity when the animal ages (Jørgensen, 2000) .
Summary and Implications
On average, body structure traits had slightly greater heritability estimates than leg structure traits and OLA. Consequently, if equal selection intensity is applied, faster genetic improvement can be expected in body structure traits. Furthermore, body structure traits appear to be highly genetically associated with each other, whereas only few high correlations were Table 7 . Genetic correlation estimates (r g ± SE) of growth and body composition traits with body and leg structure traits 1,2 in commercial gilt lines 3 used in a feet and leg, body, compositional, and maternal performance study 2 Traits: DAYS = number of days to a constant BW of 113.5 kg; LMA = loin muscle area adjusted to a constant BW of 113.5 kg; BF10 = 10th rib backfat adjusted to a constant BW of 113.5 kg; LRF = last rib backfat; BL = body length; BD = body depth; BWD = body width; BRS = rib shape; BTL = top line; BHS = hip structure; FLTD = front legs turned (deviation from optimum score); FBK = buck knees; FPP = front pastern posture; FFS = front foot size; FUT = uneven front toes; RLTD = rear legs turned (deviation from optimum score); RLP = rear leg posture; RPP = rear pastern posture; RFS = rear foot size; RUT = uneven rear toes. 3 The data included gilts from 2 commercial genetic lines; 462 gilts belonged to a grandparent maternal line (Newsham line 3) and 987 to a parent maternal line (SuperMom 37). The study was conducted at a commercial facility.
*Estimate of genetic correlation differs from 0 by P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001. obtained among leg soundness traits. In the studied population, greater improvements in OLA might be expected from selection for front leg soundness than for rear leg soundness. Subjective body structure trait evaluation is not commonly described for swine in the scientifi c literature. However, conformation and structural soundness evaluation for both body and leg structure is recommended. According to results obtained in the current study, body structure traits have signifi cant associations with leg structure traits and OLA, and selection for more optimal body structure might enhance otherwise relatively slow genetic progress expected in leg soundness traits. Genetic correlations of BL and BTL with other structural soundness traits implied that great BL and high BTL should be avoided. The majority of signifi cant correlations obtained for DAYS and backfat measurements with structural soundness traits were unfavorable, whereas LMA was unfavorably correlated with RLP and RPP only. The genetic correlations for growth and body composition traits with structural soundness traits were primarily low to moderate, indicating that it is possible to achieve simultaneous genetic improvement in all of these traits when accounting for unfavorable associations in the breeding program.
As feet and leg problems are among major involuntary sow removal causes (i.e., unplanned removals due to reproductive failure, structural unsoundness, health problems, or death), it is crucial to practice effective selection for structurally sound replacement females, not only in nucleus and multiplier herds, but also in commercial herds. In addition, structural defects can adversely affect reproductive performance, and when inherited, will impact offspring performance. Nucleus herds are responsible for genetic improvement, whereas multiplier and commercial herds merely conduct phenotypic screening, which may result in increased longevity and lifetime reproduction of sows in the herd. Rather uniquely, genetic parameter estimates from the present study were obtained at the commercial level. Current results suggest that it is possible to successfully carry out structural evaluation and to select for improved structural soundness in commercial herds.
